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以 286 种农药为目标物，以 LLE+SPE 两种萃取 / 富集 / 净化、
GC-MS+LC-MSMS 分组检测、替代物和内标物进行质量控制，建立了表层水中
多种类农药的同时分析方法。GC-MS 检测项目 MDL 分别在 0.06~24.87 ng·L-1
（LLE）和 0.43~87.78 ng·L-1（SPE）之间，LC-MSMS 检测项目两种萃取方法下
的MDL在 0.04~10.70 ng·L-1（LLE）和 0.03~5.00 ng·L-1（SPE）之间。河水基底
的两个加标浓度下，LLE法中的 GC-MS 检测的项目中有 186目标农药回收率在
40.65%~119.32%之间，RSD（n=4）在 0.33%~14.90%之间，LC-MSMS 检测的项
目仅在高加标浓度时有 26种目标农药回收率在 40.57%~111.11%之间，RSD（n=4）
在 1.31%~12.38%之间；SPE法的 GC-MS 检测的项目中有 147种目标农药回收率
在 39.80%~119.69%之间，RSD（n=4）在 2.08%~17.86%之间，LC-MSMS 检测
的项目中有 50 种左右目标农药回收率在 43.27%~119.05%之间，RSD（n=4）在
0.19%~17.42%之间。两种萃取方法具有较好的互补性，大部分目标农药有较好
的灵敏度和重现性，符合分析方法的要求。 
2. 运用所建立的表层水中多种类农药残留一齐分析方法，于 2012年 3月底
对九龙江主要支流北溪、西溪表层水中的农药复合污染状况进行了监测，结果显













































Chemical pesticides are irreplaceable in preventing and controlling disease, 
inspect, and weed problems during agricultural production activities. With the 
forbiddance of highly toxic and highly residual pesticides such as organochlorine and 
organophosphorus, many ―new‖ pesticides labeled lower toxic and lower residual are 
put into the market constantly The heavily and long-term used pesticides keep 
entering into aquatic environment through industrial wastewater discharging, dry and 
wet deposition, surface runoff. That would pose threats to aquatic ecosystem as well 
as drinking water source safety. 
In this study, 286 pesticides including organochlorine, organophosphorus,. 
carbamates, pyrethroids, anilines and amides, azoles, neonicotinoids, and other 
heterocycles were chosen as target compounds, simultaneous determination method 
for target pesticides in surface water was developed and applied to the combined 
pesticide pollution survey in Jiulong River branches; and preliminary water quality 
safety status was evaluated. 
 Research contents and results are showing as follows: 
 1. Establishment of simultaneous determination of pesticide multi-residues in 
surface water: 
A simultaneous determination method for pesticide multi-residues in surface 
water was established with 286 pesticides as targets, LLE+SPE for extraction and 
cleanup, GC-MS+LC-MSMS for detection, surrogates and internal standards for 










(SPE) For LC-MSMS detected targets, respectively. At two 
concentration levels spiked into river water matrix, recoveries were 40.65%~119.32% 
for 186 GC-MS detected targets extracted by LLE with RSD 0.33%~14.9% (n=4). 
Only 26 LC-MSMS detected targets were effectively recovered 40.57%~111.11% at 















GC-MS detected targets were 39.80%~119.69% with RSD 2.08%~17.86% (n=4). 
Recoveries of 50 LC-MSMS detected targets were 43.27%~119.05% with RSD 
0.19%~17.42% (n=4). This two extraction methods are well complementary with each 
other, most targets pesticides in water matrix could be sensitively and accurately 
detected.  
2. Combined pesticide pollution in North River and West River of Jiulong River 
was monitored in later March of 2012 using established simultaneous determination 
method above. Results indicated that: (1) totally 50 pesticides were detected in water 
samples; (2) the total amount of detected pesticides ranged between 35.08~420.03 
ng·L
-1
 in West River, and 29.66~211.96 ng·L
-1
 in North River. There was large 
difference for pesticide species detected in North River and West River; (3) besides 
the traditional organochlorine (α-endosulfan, β-endosulfan) and organophosphorus 
(chlorpyrifos, triazophos, dichlorphos, isocarbophos, methidathion, etc.) pesticides, 
many ―new‖ pesticides such as anilines and amides (butachlor, acetochlor, 
metolachlor, metalaxyl, etc.), carbamates (methomyl, propamocarb, isoprocarb, 
fenobucarb, etc.), azoles (propiconazole, difenoconazole, paclobutrazol, triadimenol, 
triadimefon, etc.), neonicotinoids (imidacloprid, acetamiprid) were widely detected in 
surface water and deserved further study.  
3. More pesticide species were detected in this research than those in reported 
literatures. The water quality pesticide safety of West River and North River of 
Jiulong River was evaluated according to the water quality standards of China, 
America, European Union, World Health Organization. Results indicated that the 
water quality pesticide safety situation during the investigated season was classified to 
Grade 2. 
 
Key words: Pesticides; Surface water; Combined pollution; Water safety; Jiulong 
River; Liquid-liquid extraction, Solid phase extraction, Gas chromatography-mass 
















Kow  正辛醇/水分配系数 
Sw  水中溶解度 
Koc  土壤吸附系数 
GC-ECD Gas Chromatography-Electron Capture Detector 气相色谱-电子捕获检测器 
LC-DAD Liquid Chromatography-Diode Array Detector 液相色谱-二极管阵列检测器 
GC-MS Gas Chromatography-Mass Spectrometry 气相色谱-质谱联用仪 
LC-MS Liquid-Chromatography-Mass Spectrometry 液相色谱-质谱联用仪 
GC-MSMS Gas-Chromatography-Tandem Mass Spectrometry 气相色谱-串联质谱联用仪 
LC-MSMS Liquid-Chromatography-Tandem Mass Spectrometry 液相色谱-串联质谱联用仪 
LLE Liquid-Liquid Extraction 液液萃取 
SPE Solid Phase Extracion 固相萃取 
SPME Solid Phase Micro-extraction 固相微萃取 
DLLME Dispersive Liquid-Liquid Micro-extraction 分散液液微萃取 
CMC Criteria Maximum Concentration 基准最大浓度 
CCC Criterion Continuous Concentration 基准连续浓度 
MCLG Maximum Contaminant Level Goal 最大污染物浓度目标 
MCL Maximum Contaminant Level 最大污染物浓度 
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种，2002 年有除草剂 225 种[5]，2005 年有杀菌剂 209 种[6]，2010 年有植物生长
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（2）有机磷农药：作为有机氯农药的替代产品，毒性高，但残留水平低于







日趋下降，但 1967 年和 1968 年上市的涕灭威和克百威仍然在 2005 年杀虫剂销
售额中排名前十五[2]。 
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